Morphine is a substrate of the organic cation transporter OCT1 and polymorphisms in OCT1 gene affect morphine pharmacokinetics after codeine administration.
We investigated whether morphine and its pro-drug codeine are substrates of the highly genetically polymorphic organic cation transporter OCT1 and whether OCT1 polymorphisms may affect morphine and codeine pharmacokinetics in humans. Morphine showed low transporter-independent membrane permeability (0.5 × 10⁻⁶ cm/s). Morphine uptake was increased up to 4-fold in HEK293 cells overexpressing human OCT1. The increase was concentration-dependent and followed Michaelis-Menten kinetics (KM = 3.4 μM, VMAX = 27 pmol/min/mg protein). OCT1-mediated morphine uptake was abolished by common loss-of-function polymorphisms in the OCT1 gene and was strongly inhibited by drug-drug interactions with irinotecan, verapamil and ondansetron. Morphine uptake in primary human hepatocytes was strongly reduced by MPP⁺, an inhibitor of organic cation transporters, and morphine was not a substrate of OCT3, the other organic cation transporter expressed in human hepatocytes. In concordance with the in vitro data, morphine plasma concentrations in healthy volunteers were significantly dependent on OCT1 polymorphisms. After codeine administration, the mean AUC of morphine was 56% higher in carriers of loss-of-function OCT1 polymorphisms compared to non-carriers (P = 0.005). The difference remained significant after adjustment for CYP2D6 genotype (P = 0.03). Codeine itself had high transporter-independent membrane permeability (8.2 × 10⁻⁶ cm/s). Codeine uptake in HEK293 cells was not affected by OCT1 overexpression and OCT1 polymorphisms did not affect codeine AUCs. In conclusion, OCT1 plays an important role in the hepatocellular uptake of morphine. Carriers of loss-of-function OCT1 polymorphisms may be at higher risk of adverse effects after codeine administration, especially if they are also ultra-rapid CYP2D6 metabolizers.